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Project overview

Goal: Develop strains and bioprocesses to funnel heterogeneous lignin-derived aromatics to 
single, value-added products (BETO 2030 goal)
• History: reported concept of biological funneling in FY14, BLV project started in FY16
• Focus: products with market sizes and selling prices to aid biofuels production (e.g., adipic acid) that 

can contribute $2-3/gge and be cost-competitive with petrochemical baselines
• BETO project collaborations: Lignin Utilization and Separation Consortium for lignin substrates, 

Performance Advantaged Bioproducts for products

Linger et al. PNAS 2014
Davis et al. NREL Design Report 2018
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Approach: Focus areas for BLV

Technical approach:
• Use model compounds for strain evaluation
• Use lignin streams from Lignin Utilization and Separations 

Consortium projects and collaborators for process demonstration
• Pseudomonas putida KT2440
• Strains for S, G, H-lignin conversion
• Iterate between strain and bioprocess development 
• Target atom-efficient products (e.g., adipic acid replacements)
• Techno-economic analysis (TEA) and life cycle assessment 

(LCA) to identify process drivers

Major challenges and areas of focus: 
• Bio-available lignin to achieve bioprocess performance seen 

with model compounds (major progress from FY21)
• Industrially relevant titer, rate, yield on model compounds
• Strains and bioprocesses for high titers, rates, and yields 

from lignin streams
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Approach: Integration with upstream lignin catalysis and separations

Gu et al., in review 
Palumbo et al., in review

!! low                              high

Membrane separations to isolate 
low molecular weight lignin 

(Separation Consortium)

Oxidation to cleave lignin C–C bonds to bio-available 
compounds (Lignin Utilization)

Counter-current chromatography for lignin 
monomer isolation (Separation Consortium, 

Lignin Utilization, University Wisconsin Madison)

Alherech et al., ACS Central Science 2021; Choi et al., in reviewSaboe et al., Green Chem. 2022

MAβKA PDCβKAβKA

Bioavailable 
monomers 80%40%20%15% 50%

PDC
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Approach: Risks, management, and milestones

Risks and mitigation strategies:
• Risk: accessing lignin streams with high yields of bio-available 

aromatic compounds

• Mitigation: Lignin Utilization and Separation Consortium to 
deliver lignin with high yields of bio-available monomers

• Risk: titer, rate, and/or substrate/product toxicity limit the strain 
performance

• Mitigation: TEA and LCA to understand impactful parameters, 
synthetic biology tools to address strain performance

SepCon
Scope

Lignin Utilization Scope BLV Scope

Major project milestones:
• FY22 G/NG: 10 g/L product from lignin (FY20: 4 g/L)
• FY23: 40 g/L product from lignin

Product TEA/LCA

Titer

Rate

Management, communication, & DEI:
• Monthly project meetings
• Ad hoc meetings with other BETO projects

• Dedicated Project Managers – lab space, equipment, reporting, 
finances

• Focused on creating physically and psychologically safe 
research environments

Aromatic 
compounds

Product generation
Separations, 

catalysis, 
polymerization

Use

SepCon
Scope

Lignin Utilization Scope BLV Scope
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Progress and outcomes: Outline

TEA highlights economic drivers
• Strain and bioprocess development opportunities

Strain and bioprocess development using model lignin-related aromatic compounds (LRCs)
• Muconate production
• β-Ketoadipate production

Products

Products

Products

Products

Glucose: LRCs

Conversion to product with optimal strains

Acetate & LRCs utilization 
rate and tolerance

Salt tolerance

Overcoming metabolic bottlenecks to concurrently increase titers, 
rates, and yields

Improvement of bioprocess and strain features based on economic drivers
• Reduce cost of supplemental carbon source 
• Improve tolerance to supplemental carbon sources 
• Improve tolerance to aromatic compounds to increase productivity
• Improve tolerance to salt to increase product titers

BLV integrates with upstream lignin catalysis and separations to produce bio-available lignin streams
Lignin from:
• Corn stover (alkaline pretreatment)
• Pine (lignin-first oxidation)
• Poplar (lignin-first oxidation)
• Poplar (reductive catalytic fractionation (RCF) + autoxidation)
• Feedstock-agnostic (hydrodeoxygenation + autoxidation)
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TEA highlights important economic drivers

Werner, Cordell et al., in review

Our FY24 projection aims to reduce the MFSP by ≥$2/gge and produce βKA (currently $1.99/kg) at a competitive cost 
compared to adipic acid ($1.71/kg) from petrochemical industry
• Lignin conversion to bioavailable aromatic compounds is ~80% (Lignin Utilization)
• Key cost drivers are glucose:aromatic compounds (LRC) ratio and productivity

Modeled process configuration

Select key cost drivers for β-ketoadipate production

LRC = lignin-related compounds
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Muconic acid production status on model compounds

Muconate: 40 g/L, 0.5 g/L/h, and ~100% molar yield
• Performance-advantaged bioproduct or direct replacement for adipic 

acid, adiponitrile, caprolactam, and terephthalic acid
• Titer, rate, and yield enables $1.8/gge decrease in the minimum fuel 

selling price (MFSP) at 80% lignin conversion to bio-available monomers

Kuatsjah, Werner et al., Metabolic Engineering 2022
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β-Ketoadipic acid production status on model compounds

β-Ketoadipic acid: 40 g/L, 1 g/L/h, and ~100% molar yield
• Performance-advantaged monomer in nylons (~sebacic acid) and polyesters
• Higher strain performance achieved in shorter time with learnings from muconate
• Titer, rate, and yield enable $2.2/gge decrease in the minimum fuel selling price 

(MFSP) at 80% lignin conversion to bio-available monomers
• Current strain bottlenecks are substrate import/utilization, which limits 

productivity, and product and salt tolerance, which limits titers

Rorrer et al. Cell Rep. Phys. Sci. 2022
Werner, Cordell et al., in review
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β-Ketoadipic acid production from corn stover lignin

Highest titer (24 g/L) and productivity (0.66 g/L/h) achieved from a lignin-derived stream to our knowledge
• The production strain does not show any measurable metabolic bottleneck
• Main limitation is the yield of lignin-related compounds from alkaline treatment (bioavailable compounds = ~15%)
• Ongoing work with Lignin Utilization and collaborators to achieve higher bio-available aromatic content in feed streams
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β-Ketoadipic acid production from pine (lignin-first oxidation)

Conversion of lignin oil from pine resulted in 4.6 g/L of β-ketoadipate 
• Aromatic monomers from oxidative lignin-first process, refined with centrifugal partitioning chromatography to remove dimers
• Increased extent of lignin depolymerization (bioavailable compounds = ~20%)
• Work ongoing to scale-up production and separations of lignin monomers to reach higher β-ketoadipate titers and rates

Metabolic 
pathway
P. putida 
AW311

β-Ketoadipate (βKA) production in bioreactors 
(fed-batch feeding with lignin oil)
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2-Pyrone-4,6-dicarboxylic acid from poplar (lignin-first oxidation)

Conversion of lignin oil from poplar resulted in 7.5 g/L of PDC
• Aromatic monomers from oxidative lignin depolymerization and refined by centrifugal partitioning chromatography
• Increased extent of lignin depolymerization (bioavailable compounds = ~40%)
• Work ongoing to scale-up production and separations of lignin monomers to reach higher product titers and rates

2-Pyrone-4,6-dicarboxylic acid (PDC) 
production in bioreactors 

(fed-batch feeding with lignin oil)

Work with Shannon 
Stahl, UW Madison
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Proof-of-concept muconic acid production from poplar lignin autoxidation

Strain performance in shake flasks with autoxidation substrates mirror model compound results
• The Lignin Utilization project is scaling up this chemistry to produce larger quantities of material for bioreactor cultivations
• Significantly increased extent of lignin depolymerization (bioavailable compounds = ~50%)

Gu, Palumbo, Bleem et al., in review

Model 
compounds

Lignin
substrate

Production of muconate from model compounds and 
lignin from poplar

100% 
mol 
yield
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Proof-of-concept muconic acid production from lignin HDO/oxidation

Autoxidation of HDO lignins offers a feasible route to ≥80% yield of a single product from lignin
• Work ongoing with Lignin Utilization to scale this approach to bioreactors to reach industrially relevant performance 

for muconic acid (FY23 Q4 milestone – 40 g/L)
• Incorporating new metabolic pathways relative to conventional lignin aromatics to enable conversion to muconate

Palumbo, Werner et al., ongoing

COO-

COO-

COO-

COO-

COO-

COO-

COO-

benzoate

terephthalate

isophthalate

orthophthalate

BenABC

TPADOE6

BenD

TphBE6

OH

OH

COO-

OH

OH

catechol

AroY
EcdBD

protocatechuate

PcaHG

Gene deletion

Chromosomal gene 
overexpression

CatA COO-
COO-

cis, cis-
muconate

CatB

growth

Unidentified

Po
ly

m
er

iz
at

io
n

B
io

co
nv

er
si

on

O
xi

da
tio

n

H
yd

ro
de

ox
yg

en
at

io
n

R
ed

uc
tiv

e 
ca

ta
ly

tic
 fr

ac
tio

na
tio

n

OH

OH
O O

OH

HO

HO
O

OH
O

O

HO
O

HO

OH
O

HO
O

HO

HO
O

OH COOH
COOH

COOH

COOH

COOH

COOH

CO2

Oxidation
losses

Muconate

COOH

Oxygenated 
monomers

HDO 
oil

COOH

RCF 
oil

OH
O

HO

Theoretical: 100% delig.
Achieved: 95% delig.

Theoretical: 100 c-mol%
Achieved: 96 c-mol%

Theoretical: 85 c-mol%
Achieved: to be determined

Sankey diagram showing theoretical and achieved carbon 
yields from lignin to muconate

Metabolic pathway for production of 
muconate from oxygenated monomers

Demonstrated to-date: 10.9 mM muconate from benzoate 
and terephthalate model compounds

COO-
COO-

Theoretical: to be determined
Achieved: 86 c-mol%



15

Reducing supplemental carbon source inputs

We can demonstrate further process improvements by reducing glucose content in the media
• Based on TEA (key cost drivers), at a ratio <0.44:1, reducing the MSP of βKA by $0.12/kg
• Proof of concept for the utilization of acetate as the sole carbon source – experimental setup can be further 

enhanced to increase productivity and titers
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Improved tolerance to aromatics, acetate, and salt

Identified genes to improve P. putida performance via Randomly Barcoded Transposon insertion 
Sequencing (RB-TnSeq)
• Boosting acetate tolerance will address substrate toxicity (e.g., black liquor) and increase productivity
• Improving strain aromatic tolerance will address substrate bottlenecks
• Increasing strain salt tolerance will address the titer ceiling (salt is used to neutralized diacids)SN
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Impact

Scientific:
• BETO has enabled lignin bioconversion as a major thrust in 

metabolic engineering and bioprocess development
• Strain performance on lignin at the forefront of the field
• High-impact, field-leading publications and patents

Industrial:
• Could enable cost-competitive production at lower GHG 

emissions than today’s petrochemicals from lignin
• Work with industry including strains, bioprocess development, 

upstream separations, and industrial lignin streams
• Industrial and academic interactions inform project aims

Overall:
BLV is at the cutting-edge of a promising direction to valorize lignin to single products that can 
contribute to biorefinery economics

Publications
Linger PNAS 2014; Vardon Energy Env. Sci. 2015; Johnson Met. Eng. 
2015; Salvachúa Green Chem. 2015; Beckham Curr. Opin. Biotech. 2016; 
Johnson Met. Eng. Comm 2016, 2017; Salvachúa Green Chem 2018; 
Johnson Joule 2019; Salvachúa Microb. Biotech. 2019; Salvachúa PNAS
2020; Morya Trends Biotech. 2020; Werner Met. Eng. Comm. 2020; 
Notonier, Werner, Met. Eng. 2021; Erickson Nature Catal. 2022, Kuatsjah
Met. Eng. 2022; Werner, Cordell, in review, Borchert, in review
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Summary

Overview
• BLV is developing strains and bioprocesses to funnel

lignin-derived streams to co-products for the biorefinery

Approach
• We use TEA to guide R&D towards meaningful and

impactful strains, bioprocesses, and target molecules

Progress and outcomes
• Developed P. putida strains and bioprocesses moving

towards industrially-relevant performance
• Ongoing work focused on continued debottlenecking,

improving toxicity tolerance, and process integration
with lignin deconstruction

Impact
• BLV efforts consistently at the forefront of the growing

microbial lignin conversion field

MA

βKA

PDC

Titer = 39 g/L
Productivity= 0.5 g/L/h

Titer = 40 g/L
Productivity= 1 g/L/h

Titer = 24 g/L
Productivity= 0.66 g/L/h

Titer = 4.6 g/L
Productivity= 0.06 g/L/h

Titer = 7.4 g/L
Productivity= 0.08 g/L/h

Products

Products
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Timeline
• Active Project Duration: 10/1/2020 – 9/30/2023
• Total Project Duration: 10/1/2015 – 9/30/2023 

FY22 funding Total Award

DOE 
Funding

$700,000
(10/01/2021–
9/30/2022)

$700,000 – FY23
$2,100,000 – Active 
Project (FY21-23)

TRL at Project Start: 3
TRL at Project End: 4-5

Project Goal
Develop biological processes to produce co-
products from lignin-derived compounds

End of Project Milestone
Deliver a strain and bioprocess that is able to 
convert >60% of bio-available aromatic 
monomers from oxidized HDO lignin streams 
generated in the Lignin Utilization project to a 
single product.

Funding Mechanism
Bioenergy Technologies Office FY21 AOP Lab 
Call (DE-LC-000L079) – 2020

Project Partners
Nat’l labs: ORNL

BETO Projects: Lignin Utilization, Separations 
Consortium, Biochemical Platform Analysis, and 
Synthesis and Analysis of Performance-
Advantaged Bioproducts

Quad chart overview
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Responses to previous reviewers’ comments

The bioavailability of lignin is a critical issue. Since the only substrates that seem to undergo conversion are coumarate and
ferulate, there is a concern with diminishing returns and mass loss as one goes from biomass to lignin-to-lignin monomers.
o In terms of the overall mass conversion of lignin to exemplary products like muconate, the BLV project alone cannot

address the question of bioavailability of lignin. As presented in the Lignin Utilization project, oxidation chemistry is
being applied to produce high yields of bioavailable molecules such as 4-hydroxybenzoate, vanillate, and syringate
from lignin to far exceed the 28% of corn stover lignin that is ferulate and p-coumarate.

If DMR is not chosen as a pretreatment by a given biorefinery, do other lignin sources contain sufficient amounts of
coumarate and ferulate to be useful?
o The feasibility and ultimate success of the BLV project is not tied to the DMR process. The intention in this project is to

generate chassis strains and associated bioprocesses that can take streams of bioavailable lignin and convert them to
value-added products in a cost-effective and energy-efficient manner. The key collaboration with the Lignin Utilization
project does not solely focus on DMR, but rather is attempting to take lignin from the kraft process, the DMR process,
and many others to oxidize lignin catalytically to produce monomers useful for biological funneling.

There is little or no TEA data for any of these approaches, in particular a comparative evaluation of the production (not
sales) cost of conventional adipic vs. lignin-derived adipic.
o We have conducted rigorous TEA and LCA of muconic acid and conventional adipic acid production cases showing

that these bio-based processes from lignin offer both a cost and environmental impacts advantage relative to
petroleum-based adipic acid.
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Publications, patents, and presentations

Publications

In preparation, revision, or review

Allison Z. Werner, William T. Cordell, Ciaran W. Lahive, Bruno C. Klein, Christine A. Singer, Morgan A. Ingraham, Kelsey J.
Ramirez, Dong Hyun Kim, Jacob Nedergaard Pedersen, Christopher W. Johnson, Brian F. Pfleger, Gregg T. Beckham,
Davinia Salvachúa, Lignin conversion to b-ketoadipic acid by Pseudomonas putida via metabolic engineering and
bioprocess development, in review.

Caroline R. Amendola, William T. Cordell, Caralyn J. Szostkiewicz, Morgan A. Ingraham, Michela Monninger, Davinia
Salvachúa, Christopher W. Johnson, Gregg T. Beckham, Comparison of Pseudomonas putida KT2440 and the genome-
reduced EM42 strain for muconic acid production from aromatic compounds and glucose, in review.
Allison Yaguchi, Kelsey Ramirez, Renee M. Happs, Darren J. Peterson, Nicholas S. Cleveland, Davinia Salvachúa, Gregg
T. Beckham, Mark Blenner, Cutaneotrichosporon oleaginosus metabolizes mono-aromatics in lignin hydrolysates but does
not depolymerize polymeric lignin, in review.

2023

Allison Z. Werner, Lindsay D. Eltis, Tandem chemocatalysis and biological funneling to valorize lignin, Trends in
Biotechnology, online ahead of print
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Publications, patents, and presentations

2022

Alissa Bleem, Eugene Kuatsjah, Gerald N. Presley, Daniel J. Hinchen, Michael Zahn, David C. Garcia, William E. Michener,
Gerhard König, Konstantinos Tornesakis, Marco N. Allemann, Richard J. Giannone, John E. McGeehan, Gregg T.
Beckham, Joshua K. Michener, Discovery, characterization, and metabolic engineering of Rieske non-heme iron
monooxygenases for guaiacol O-demethylation, Chem Catalysis 2 (8) 1989-2011

Josh V. Vermaas, Michael F. Crowley, Gregg T. Beckham, Molecular simulation of lignin-related aromatic compound
permeation through gram-negative bacterial outer membranes, J. Biol. Chem. 298 (12) 102627

Jacob Fenster, Allison Z. Werner, Jian Wei Tay, Matthew Gillen, Leo Schirokauer, Nick Hill, Audrey Watson, Kelsey J.
Ramirez, Christopher W. Johnson, Gregg T. Beckham, Jeff Cameron, Carrie Eckert, Dynamic and single cell
characterization of a CRISPR-interference toolset in Pseudomonas putida KT2440 for glucose-free β-ketoadipate
production from p-coumarate, Metabolic Eng. Comm.

Erika Erickson, Alissa Bleem, Eugene Kuatsjah, Allison Z. Werner, Jennifer L. DuBois, John E. McGeehan, Lindsay D. Eltis,
Gregg T. Beckham, Critical enzyme reactions in aromatic catabolism for microbial lignin conversion, Nature Catalysis
(2022) 5, 86-98.

Eugene Kuatsjah, Christopher W. Johnson, Davinia Salvachúa, Allison Z. Werner, Michael Zahn, Caralyn J. Szostkiewicz,
Christine A. Singer, Graham Dominick, Ikenna Okekeogbu, Stefan J. Haugen, Sean P. Woodworth, Kelsey J. Ramirez,
Richard J. Giannone, Robert L. Hettich, John E. McGeehan, Gregg T. Beckham Debottlenecking 4-hydroxybenzoate
hydroxylation in Pseudomonas putida KT2440 improves muconate productivity from p-coumarate, Metabolic Eng. (2022)
70, 31-42
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Publications, patents, and presentations

2021
Joshua R. Elmore, Gara N. Dexter, Davinia Salvachúa, Jessica Martinez-Baird, E. Anne Hatmaker, Jay D. Hueneman,
Dawn M. Klingeman, George L. Peabody V, Darren J. Peterson, Christine Singer, Gregg T. Beckham, Adam M. Guss,
Lignin valorization to itaconic acid at high yield by dynamic, two-stage conversion, Nature Comm. (2021) 12, 2261.

Sandra Notonier, Allison Z. Werner, Eugene Kuatsjah, Linda Dumalo, Paul E. Abraham, E. Anne Hatmaker, Caroline B.
Hoyt, Antonella Amore, Kelsey J. Ramirez, Sean P. Woodworth, Dawn M. Klingeman, Richard J. Giannone, Adam M. Guss,
Robert L. Hettich, Lindsay D. Eltis, Christopher W. Johnson, and Gregg T. Beckham, Metabolism of syringyl lignin-derived
compounds in Pseudomonas putida enables convergent production of 2-pyrone-4,6-dicarboxylic acid, Metabolic Eng.
(2021) 65, 111-122.

Gerald N. Presley, Allison Z. Werner, David C. Garcia, Stefan J. Haugen, Caroline B. Hoyt, Rui Katahira, Kelsey J.
Ramirez, Richard J. Giannone, Gregg T. Beckham, and Joshua K. Michener, Pathway discovery and engineering for
cleavage of a ß-1 lignin-derived biaryl compound, Metabolic Eng. (2021) 65, 1-10.

2020

Morgan M. Fetherolf, David J. Levy-Booth, Laura E Navas, Jie Liu, Jason C Grigg, Andrew Wilson, Rui Katahira, Gregg T. 
Beckham, William M. Mohn, Lindsay D. Eltis, Characterization of alkylguaiacol-degrading cytochromes P450 for the 
biocatalytic valorization of lignin, PNAS (2020), 117, 25771-25778.

Elsayed T. Mohamed, Allison Z. Werner, Davinia Salvachúa, Christine Singer, Kiki Szostkiewicz, Manuel Jimenez-Diaz, 
Thomas Eng, Mohammad S. Radi, Aindrila Mukhopadhyay, Markus J. Herrgård, Steven W. Singer, Gregg T. Beckham, 
Adam M. Feist, Adaptive laboratory evolution of Pseudomonas putida KT2440 improves hydroxycinnamic acid catabolism 
and tolerance, Metabolic Eng. Comm. (2020), e00143.



26

Publications, patents, and presentations

Joshua R. Elmore, Gara N. Dexter, Davinia Salvachúa, Marykate O'Brien, Dawn M. Klingeman, Kent Gorday, Joshua K.
Michener, Darren J. Peterson, Gregg T. Beckham, Adam M. Guss, Engineering Pseudomonas putida simultaneously
catabolizes five major components of lignocellulosic biomass: Glucose, xylose, arabinose, p-coumaric acid, and acetic
acid, Metabolic Eng. (2020), 62, 62-71.

Davinia Salvachúa, Allison Z. Werner, Isabel Pardo, Martyna Michalska, Brenna A. Black, Bryon S. Donohoe, Stefan J.
Haugen, Rui Katahira, Sandra Notonier, Kelsey J. Ramirez, Antonella Amore, Samuel O. Purvine, Erika M. Zink, Paul E.
Abraham, Richard J. Giannone, Suresh Poudel, Philip Laible, Robert L. Hettich, Gregg T. Beckham, Outer membrane
vesicles catabolize lignin-derived aromatic compounds in Pseudomonas putida KT2440, PNAS (2020) 117, 9302-9310.

Davinia Salvachúa, Thomas Rydzak, Raquel Auwae, Annette De Capite, Brenna A. Black, Jason T. Bouvier, Nicholas S.
Cleveland, Joshua R. Elmore, Jay D. Huenemann, Rui Katahira, William E. Michener, Darren J. Peterson, Holly Smith,
Derek R. Vardon, Gregg T. Beckham, Adam M. Guss, Metabolic engineering of Pseudomonas putida for increased
polyhydroxyalkanoate production from lignin, Microbial Biotech. (2020), 13, 290-298.

Raj Morya, Davinia Salvachúa, Indu Shekhar Thakur, Burkholderia: An Untapped but Promising Bacterial Genus for the
Conversion of Aromatic Compounds. Trends Biotechnol. (2020), 38, 963-975.

2019

Melodie M. Machovina, Sam J.B. Mallinson, Brandon C. Knott, Alexander W. Meyers, Marc Garcia-Borràs, Lintao Bu,
Japheth E. Gado, April Oliver, Graham P. Schmidt, Daniel Hinchen, Michael F. Crowley, Christopher W. Johnson, Ellen L.
Neidle, Christina M. Payne, Kendall N. Houk, Gregg T. Beckham, John E. McGeehan, Jennifer L. DuBois, Enabling
microbial syringol utilization via structure-guided protein engineering, PNAS (2019) 116, 13970-13976.
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Publications, patents, and presentations

Christopher W. Johnson, Davinia Salvachúa, Nicholas A. Rorrer, Brenna A. Black, Derek R. Vardon, Peter C. St. John,
Nicholas S. Cleveland, Graham Dominick, Joshua R. Elmore, Nicholas Grundl, Payal Khanna, Chelsea R. Martinez, William
E. Michener, Darren J. Peterson, Kelsey J. Ramirez, Priyanka Singh, Todd A. Vander Wall, A. Nolan Wilson, Xiunan Yi,
Mary J. Biddy, Yannick J. Bomble, Adam M. Guss, Gregg T. Beckham, Innovative chemicals and materials from bacterial
aromatic catabolic pathways, Joule. (2019) 3, 1523-1537.

Erica Teixeira Prates, Michael F. Crowley, Munir S. Skaf, Gregg T. Beckham, The catalytic mechanism of aryl-ether bond
cleavage in lignin by LigF and LigG, J. Phys. Chem. B. (2019) 123, 10142-10151.

2018

Davinia Salvachúa, Christopher W. Johnson, Christine A. Singer, Holly Rohrer, Darren J. Peterson, Brenna A. Black, Anna
Knapp, Gregg T. Beckham, Bioprocess development for muconic acid production from aromatic compounds and lignin,
Green Chem. (2018) 20, 5007-5019.

Sam J. B. Mallinson, Melodie M. Machovina, Rodrigo L. Silveira‡, Marc Garcia-Borràs, Nathan Gallup, Christopher W.
Johnson, Mark D. Allen, Munir S. Skaf, Michael F. Crowley, Ellen L. Neidle, Kendall N. Houk, Gregg T. Beckham, Jennifer L.
DuBois, John E. McGeehan, A promiscuous cytochrome P450 aromatic O-demethylase for lignin bioconversion, Nature
Comm. (2018) 9, 2487.

Melissa Tumen-Velasquez, Christopher W. Johnson, Alaa Ahmed, Graham Dominick, Emily M. Fulk, Payal Khanna, Sarah
A. Lee, Alicia L. Schmidt, Jeffrey G. Linger, Mark A. Eiteman, Gregg T. Beckham, Ellen L. Neidle, Accelerating pathway
evolution by increasing the gene dosage of chromosomal segments, PNAS (2018).
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Publications, patents, and presentations

Wouter Schutyser, Tom Renders, Sander Vanden Bosch, Stef Koelewijn, Gregg T. Beckham, Bert Sels*, Chemicals from
lignin: an interplay of lignocellulose fractionation, depolymerisation, and upgrading, Chem. Soc. Rev. (2018) 47, 10-20.
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Publications, patents, and presentations

Patents (issued)

Patents (pending)

20-131 Engineered Pseudomonas putida strain for production of 2-pyrone-4-6-dicarboxylic acid 
guaiacyl and p-hydroxyphenyl and syringyl lignin-derived aromatic species.

20-28 Conversion of lignin-derived monomers to muconate by engineered pseudomonas

20-48 Microorganisms engineered for muconate production

21-100 Microorganisms Engineered for Production of Beta-Ketoadipic Acid 
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Publications, patents, and presentations

Presentations (2021 - 2023)

Conversion of lignin-derived streams to performance-advantaged bioproducts by engineered Pseudomonas putida in
bioreactors, 45th Symposium on Biomaterials, Fuels and Chemicals (poster presentation), May 2023

Advances in lignin and plastics conversion, VITO, September 2022

Biological funneling of lignin-related aromatics into b-ketoadipic acid with engineered strains of Pseudomonas putida
KT2440, Lignin Gordon Research Conference, August 2022.

Recent adventures in lignin valorization, Ligno COST Workshop, June 2022

Biological conversion of lignin and plastics-related substrates (via webinar), CIB-CSIC, May 2022

Lignin degradation via outer membrane vesicles in Pseudomonas putida, Pseudomonas 2022 Meeting, Keynote Lecture,
April 2022

Biological conversion of aromatic compounds derived from lignin by Pseudomonas putida KT2440 (via webinar), Korean
Society for Biotechnology and Bioengineering, April 2022

Biological funneling of lignin and plastics via engineered Pseudomonas putida, Synthetic Biology Young Speaker Series (via
webinar), Jan 2022
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Publications, patents, and presentations

Metabolic engineering for lignin valorization, Joint BioEnergy Institute(via webinar), November 2021.

Lignin valorization in the lignocellulosic biorefinery (via webinar), ExxonMobil Research and Engineering (via webinar)
September 2021

Biotechnology applications towards lignin and plastics valorization, SIMB Annual Meeting, Keynote Lecture, August 2021

Some thoughts on industrial biotechnology from an engineer’s point of view, IBISBA Strategic Workshop, June 2021

Lignin valorization through integrated process modeling, chemical catalysis, material science, metabolic engineering, and
separations research, Wallenberg Wood Science Center (via webinar), June 2021

Catalysis for valorization of lignin and plastics, Great Plains Catalysis Society (via webinar), June 18th, 2021The critical role
of economic and environmental analysis to guide research in lignin valorization and plastics upcycling, Keynote Invited
Lecture, ACS Green Chemistry and Engineering (via webinar), June 2021

Recent progress in performance-advantaged bioproducts and plastics upcycling, Arizona State University (via webinar),
April 2021

Recent adventures in biomass conversion and plastics upcycling, Rutgers University (via webinar), April 2021

Elucidation and engineering of an S-lignin catabolic pathway in Pseudomonas putida KT2440 (via webinar), Society for
Industrial Microbiology, Symposium on Biomaterials, Fuels, and Chemicals, April 2021

Biological processes for lignin and plastics conversion, University of California Riverside (via webinar), January 2021


